Effects of season and sex on voluntary dry matter intake (DMI), growth, digestibility and performance of the Fiji Fantastic sheep fed native guinea grass (Panicum maximum) was investigated. Twelve lambs (6 ram lambs and 6 ewe lambs) from the sheep-breeding unit, Nawaicoba (Fiji) were selected and used in the two seasonal phase trials. Six lambs each (3 ram and 3 ewe), with pre-trial liveweight and age 25.1 ± 1.15 kg and 5-6 months, and 20.0±0.00 kg and 4-5 months of age were used in dry and wet seasons (trials 1 and 2), respectively. The lambs in each trial were selected as closely as possible for liveweight. The experimental design was a completely randomized 2x2 factorial [(2 seasons (dry and wet) * 2 sexes (females and males)]. Trial 1 was from October 3 rd 2002 -28 th January 2003 (92 days), while trial 2 was from February 12 th -8 th May 2003 (84 days). Seasons had effects on chemical composition of the forage. Except for crude protein (CP), dry matter (DM), neutral detergent fibre (NDF), acid detergent fibre (ADF), hemicellulose, cellulose and energy (MJ/kg, DM), were higher in the dry (D) than in the wet season (W). DMI of sheep was 536±0.50 and 792±7.51g/head/d in D and W seasons, respectively. Season but not sex had significant (PO.001) effect on DMI. ADG was 34.5±2.5 and 35.5±3.5 g/head/d and season and sex had no significant (P>0.001) effects on ADG. Feed efficiency (kg DMI/kg liveweight gain) was 15. 6± 1.1 and 22.5 ±2. 0 in D and W seasons, respectively. Water intake (WI) in D and W seasons was 1328.8±9.9 and 550.2±9.8 L, respectively. Season and DMI had significant (P<0.001) effect on WI. Blood urea-N and blood glucose concentrations at the pre-and post-experimental periods were similar and sex had no effect on their concentrations. Season but not sex had effect on apparent digestibility of CP, NDF, hemicellulose and energy. Also, season had significant effect (PO.001) on 1 Corresponding author: e-mail: aregheore_samoa.usp.ac.fj 576 GUINEA GRASS FOR SHEEP nutritive value index (NVI) of guinea grass. Daily CP intake (DCPI) was 3.6±0.10 and 9.4±0.05 g/kgW° 75 /d in D and W seasons, respectively. Our data confirmed that native guinea grass in the unit would not adequately support the growth of lambs in the D and W seasons because of its poor nutritive quality. In conclusion, supplementation is recommended to improve liveweight gain and general performance of the Fiji Fantastic sheep on sole diet of native guinea grass in the D and W seasons.
INTRODUCTION
The grazing of available native pasture that is nutritionally limited due to environmental/or climatic conditions largely supports sheep production in Fiji. In the wet season, there is enough pasture for sheep to graze, but this may not be the case during the dry season. In the dry season, the nutritional quality of most forages including guinea grass declines resulting in low utilization due to high cell contents, low availability of carbohydrate and nitrogen. Precise comparisons are few in the tropics, however observations indicate that gain and efficiency of feed conversion are reduced during the dry season due to unavailability of good quality forage for grazing animals.
Guinea grass {Panicum maximum) is second to batiki grass (Ischaemum aristatum var. indicum) in Fiji, in terms of availability. In areas where batiki grass is scant it dominates the natural pasture and most farmers rely in it for the supply of nutrients for their grazing sheep in both dry and wet seasons. Scant literature is available in the Pacific Island countries (PICs) on the chemical composition and nutritive value of most pasture species. Also information on effects of season on nutrient quality and utilization of pasture species in the PICs is scant.
The Fiji Fantastic (FF) sheep, a crossbred (Wiltshire x Blackbelly Barbados) is well adapted to the climatic conditions of Fiji. It has good performance characteristics and amongst these it sheds its wool naturally and this is an advantage to its survival in the hot and humid weather of Fiji (Manueli, 1997) . There is no information on the Fiji Fantastic sheep with respect to feed intake and utilization when grazed on native guinea grass or when it is fed in stalls using the cut-and-carry system. The objective of this investigation therefore was to report on the voluntary dry matter intake, digestibility and performance of the Fiji Fantastic sheep fed native guinea grass {Panicum maximum) in the dry and wet seasons at Nawaicaoba (Fiji).
MATERIAL AND METHODS

Animals, experimental design and management
Two seasonal phase trials were conducted at the sheep-breeding unit, Nawaicoba (Fiji Twelve lambs (6 ram lambs and 6 ewe lambs) were selected for the trials. In trial 1 (dry season) six lambs (3 ram lambs and 3 ewe lambs) with pre-trial liveweight of 25.1±1.15 kg and between 5-6 months of age were selected and used. In trial 2 (wet season) the same number of lambs (3 ram lambs and 3 ewe lambs) with pre-trial liveweight of 20.0±0.00 kg and between 4-5 months of age were selected. Lambs were assigned in completely randomized 2^2 factorial design [(2 seasons (wet and dry) x 2 sexes (females and males)]. Equal numbers of both sexes (3 females and 3 males) were assigned for each season.
The lambs were housed in individual pens under a common roof. Prior to the start of the trials, all lambs were de-wormed with Fenbendazole and allowed 15 days adjustment period to get used to their pens and feeding regimes. The lambs were fed only native guinea grass {Panicum maximum). However, they had free access to mineral lick blocks and water. The guinea grass was harvested from the same paddock on a daily basis and chopped with an electric chaff-cutter (Nagan Engineering, Fiji Limited, Ba, Fiji) to 9-10 mm pieces. The forage was given on an ad libitum basis three to four times daily to ensure constant availability and allow about 10-20%) refusals.
The forage was sampled once a week for dry matter determination. Forage offered and refusals were recorded on a daily basis to estimate voluntary dry matter intake. In each trial only average weights at the beginning and end of the experiment were used to express liveweight change.
Blood samples were collected from the lambs at the beginning and last days (pre-and post-experimental periods) by jugular vein puncture into bijou bottles. The blood was allowed to clot at room temperature for approximately 15 min and then placed on ice and later centrifuged for 10 min at 1500 g to separate the serum and plasma, and stored at -80°C until required for analysis. The samples were analysed for blood urea-N and glucose.
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Digestibility studies
At the end of trials 1 and 2, digestibility studies were carried out using all lambs. Ram lambs were fitted with harness bags. The ewes were housed in pens that has slatted floor covered with fine wire mesh that allows only urine to pass through. The animals were allowed 5 days adjustment period to get use to the management routine. The total faecal collection method was used for all lambs for 7 days.
Total faecal output for each lamb in each trial was weighed and a 25% sample was removed for dry matter determination. Faeces collected over the period, were oven dried at 70°C for 36 h. Daily samples of faeces, refusals and forage were bulked separately for each lamb and milled with a simple laboratory mill to pass through 1.77 mm sieve and stored until required for chemical analyses.
Analytical procedures
AO AC (1995) methods were used to determine chemical composition of forage, refusals and faecal samples for N and ash. Fibre fractions, NDF, ADF and ADL were determined using procedures of Van Soest et al. (1991) . Cellulose and hemicellulose fractions were calculated from the content of NDF, ADF and ADL. Gross energy (MJ/kg) values of forage and faecal samples were determined by a bomb calorimeter (Adiabatic bomb, Parr Instrument Co., Moline, IL) using thermochemical benzoic acid as standard. All analyses were done in triplicate.
The methods of Fawcett and Scott (1960) were used to determine blood urea-N (BUN) concentration in the serum, while plasma glucose concentration was estimated by a colorimetric assay based on the use of hexokinase and glucose-6-phosphate dehydrogenase (G-6-PD), (Kunst et al., 1983) . The nutritive value index (relative intake x percent energy digestibility) of the forage was according to the method of Crampton et al. (1960) .
Statistical analysis
Data on voluntary dry matter intake, growth rate, feed efficiency, water intake, blood metabolites, apparent nutrient digestibility coefficients and other calculated parameters for both trials were analysed as a completely randomized design for 2x2 factorial using MINITAB statistical software (Minitab, 2000) . Where significant differences occurred, the least significant difference (LSD) test was used for mean separation. Also, any significant differences between dry and wet seasons within treatments were subjected to a Student's Mest.
RESULTS AND DISCUSSION
Mean chemical composition of guinea grass {Panicum maximum) in the dry and wet seasons is presented in Table 1 . Seasons have effect on the chemical composition of the forage. Except for crude protein (CP), dry matter (DM), NDF, ADF, hemicellulose, cellulose and energy (MJ/kg, DM) were higher in the dry than in the wet season. CP concentration of the forage for the dry and wet seasons was similar to value reported in Fiji for dry or cool season (Ranacou, 1986) and wet season (MAFF, 1999) . Seasonal variation in environment has influence on forage quality and this often alters leaf/stem ratio that affects chemical composition of forage (Buxton, 1996) . The concentrations of DM, CP, NDF, ADF and ash of the guinea grass in both seasons are within the ranges found in tropical grasses by Gohl (1981) and Aumont et al. (1995) . Also the gross energy content of the guinea grass was within values reported by Aregheore (2001) , Phimphachanhvongsod and Ledin (2002) , and Aregheore and Cawa (2000) for the dry and wet seasons, respectively. The leaf/stem composition and protein concentration is higher in immature forage than in mature one. The decline in protein concentration with advancing maturity (dry season guinea grass) occurs both due to decreases in protein leaves and stems, and because stems with their lower protein content, make up a larger portion of the herbage in more mature forage (Buxton, 1996) . CP concentration of the forage in the dry season was lower than 11-12% suggested by NRC (1985) as adequate to meet requirements of growing sheep, however, it was not below 8.2% at which it could be considered as deficient. The wet season guinea grass was a 580 GUINEA GRASS FOR SHEEP regrowth of that harvested during the dry season period and therefore has high leaf/ stem composition that influenced the high CP concentration.
Data on performance characteristics of lambs in both seasons are presented in Table 2 . Dry matter intake (DMI) of lambs was 536±0. 50 and 792±7.51g/head/d, 34.5 ± 2.5 35.5 ± 3.5 ab means within row with different superscript differ at P<0.001 ±SD respectively, and when expressed on a metabolic weight basis as g/kgW° 75 /d, DMI was 43.5± 1.25 and 75.4±0.05 in dry and wet seasons, respectively. DMI was comparatively higher in the wet than in the dry season and the stage of growth of the forage may be implicated for the differences observed in DMI in both seasons. DMI is a reflection of the rate of passage and digestibility. The more digestible the pasture herbage the more animals will consume. However, DMI by lambs was not seriously affected in both seasons despite the comparative low DM content of the guinea grass and our results is in agreement with Gihad (1976) .
Also the CP content in the dry season may be implicated in limiting intake of the native guinea grass. Intake of grass species declines rapidly when CP content of consumed forage fall below 7% (Milford and Minson, 1966) . CP content of the forage in the dry season period was above this level and with the ad libitum feeding regime it was envisaged that CP content in the native guinea grass eaten would be higher.
Mean average daily gain (ADG) of lambs in the dry and wet seasons was 34.5±2.5 and 35.5±3.5 kg/head/d, respectively. Although there was slight numerical difference between males and females in ADG (Table 2 ), season and sex had no significant (P>0.001) effect on ADG of the lambs. The low ADG suggested that the native guinea grass could not fully support high growth rate of lambs in both seasons. This observation is in agreement with Norton and Ash (1985) who reported low growth rate of goats grazing in Australia particularly in the post-weaning period, despite apparently adequate pasture in both quantity and quality.
The low ADG of lambs in both seasons may be due to the inability of rumen microorganisms to effectively utilize the influx of available N from the forage and this resulted in negative N utilization and subsequently low ADG. Generally, the deposition of protein depends on the efficiency of the use of absorbed protein, which is dependent on the availability of non-protein energy-yielding substrates and limiting essential amino acids (Poppi and McLennan, 1995) . Feed efficiency (kg DMI/kg liveweight gain) of lambs in the dry and wet seasons was 15.6±1.1 and 22.5±2.0, respectively, and they followed the pattern of DMI.
Water intake (WI) of lambs in the dry and wet seasons was 1328. 8±9. 9 and 550.2±9.8 L, respectively. Expressed on metabolic weight basis WI of lambs in the dry and wet seasons averaged 108.6 and 52.4 g/kgW 0 75 /d, respectively. WI of the lambs was affected by season and amount of DMI of the forage. The moisture content of the forage was higher in the wet than in the dry season and this contributed to the differences in WI. Water intake is the sum of water consumed voluntarily by drinking and water contained in the feeds. Giger-Reverdin and Gihad (1991) reported that water intake is strongly influenced by the water content of the feeds. Our data on WI of lambs on guinea grass in both seasons supported the report of Giger-Reverdin and Gihad (1991) that DMI and water intakes are highly correlated. Table 3 presents the concentration of blood metabolites of lambs in the dry and wet seasons. Blood urea-N concentration was similar at the beginning and at the end of the trial (pre-and post-experimental periods) and sex had no effect. Tropical grasses decline rapidly in protein content resulting in reduced feed intake and digestibility, low rumen ammonia and blood urea levels (Adegbola et al., 1987) . The differences in blood urea-N between our data and Adegbola et al. (1987) may be due to differences in breed and diets. Overall, BUN values for both seasons are within the ovine reference range (Hallford and Galyean, 1982) . Blood glucose concentration was also similar at the pre-and post-experimental periods. Season and sex had no major effect on blood glucose concentration of the lambs (Table 3) . However, blood glucose was slightly higher in the dry than in the wet season. Generally, amount of DMI, energy and protein contents have influence on the concentration of blood glucose (Wright et al., 1962) , but this was not the situation in this trial. Table 4 presents apparent nutrient digestibility coefficients of lambs in the dry and wet seasons. Season but not sex had effects on the apparent digestibility of CP, NDF, hemicellulose and energy of guinea grass by the lambs. The digestibility of feed decreases as intake increases (Galyean et al., 1990) , due to faster passage rate through the alimentary tract (Loredo and Minson, 1973) , Apparent nutrient digestibility coefficients, % GUINEA GRASS FOR SHEEP however, this was not the situation in our trial. Except for energy, the digestibility of DM, OM, CP, NDF, ADF and hemicellulose were higher for lambs in the wet season. DMI and CP content were higher in the wet season, while the fibre fractions and energy were higher in the dry.
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In forage only diets CP is the main source of N for many species of rumen microorganisms and a low level of N intake as observed in the dry season native guinea grass might limit microbial growth resulting in low fermentative digestion. Also forages at advanced maturity have lower leaf blade/stem ratio and contain high fibre levels with a large proportion of non-degradable fibre but less non-structural carbohydrate, resulting in lower digestibility (Van Man and Wiktorsson, 2003) . The above explanations might be responsible for the differences observed in the digestibility of the fibre fractions in the dry and wet seasons. Table 5 . There was significant difference (P<0.001) in the nutritive value index (NVI) of guinea grass in the dry and wet seasons. Daily crude protein intake (DCPI) was 3.6±0.10 and 9.4±0.05 gDM/kgW°7 5 /d for lambs in the dry and wet seasons, respectively. The effect of season on CP content of the forage was observed to influence daily protein intake of the lambs. However, the high daily protein intake and organic matter digested in the wet season by the lambs were not effectively utilized for ADG. The low energy content may be implicated. Energy requirement is important to general performance of sheep and energy deficiency can impair the utilization of other nutrients.
The gross energy content of guinea grass in the wet season was comparatively low, however digestible energy (DE) and metabolizable energy intake (MEI) were similar in both wet and dry seasons. Season and sex of lambs had no significant effect in MEI (P>0.001) of the guinea grass, despite the differences in gross energy values of guinea grass in both seasons. Our results on MEI of lambs on guinea grass supports Kirkpatrick and Steen (1999) who observed a similar trend in lambs fed on forage alone. DE values of guinea grass for both seasons are lower than values reported by Van Man and Wiktorsson (2003) for guinea grass in Vietnam.
Our results confirm that season has effects on the chemical composition and nutritive value of native guinea grass. Wet season guinea grass (a re-growth) had more CP content and its DMI was higher than in the dry season. Based on DMI, ADG, NVI, DCPI, DE, MEI and apparent nutrient digestibility coefficients of lambs our data further confirmed that available native guinea grass would not adequately support the growth of lambs in the dry and wet seasons because of its poor nutritive quality. In conclusion, supplementation is recommended to improve liveweight gain and general performance of the Fiji Fantastic sheep on sole diet of native guinea grass in the dry and wet seasons.
